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Honey is a natural product highly consumed due its known association with health beneﬁts. Monoﬂoral
honeys are perceived as better quality products, being the most appreciated by consumers, thus attaining
higher market values. Therefore efﬁcient tools are needed as alternatives to the classical microscopic
analysis presently used for the botanical origin identiﬁcation of honey. In the present work, the use of
DNA-based methods for the botanical species identiﬁcation of honey is proposed. For this purpose, ﬁve
DNA extraction methods (the kits NucleoSpin Plant (methods A and B) and DNeasy Plant Mini Kit, and
the in-house CTAB-based and Wizard methods) combined with three different sample pre-treatments
were applied to four honey samples (3 monoﬂoral honeys of Calluna vulgaris, Lavandula spp. and
Eucalyptus spp. and one multiﬂoral honey). The 15 DNA extraction protocols were compared in terms of
DNA integrity, yield and purity, as well as capacity of ampliﬁcation targeting universal and adh1 speciﬁc
genes of C. vulgaris. The results demonstrated the superior efﬁcacy of the Wizard method in terms of DNA
quality and ampliﬁcation capacity, when combined with the sample preparation treatment with a me-
chanical disruption step of pollen to improve DNA yield. Although with considerable lower DNA yields,
the CTAB and DNeasy methods were also successful because both were able to clearly amplify heather
DNA from the monoﬂoral heather honey.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
In the last years, the increase of population concern with health
and well-being has led to a growing demand for natural food
products. In particular, the rising interest towards foods associated
with therapeutic and healing properties has increased their value,
making them vulnerable targets to economic frauds. Honey, a
natural food produced by Apis mellifera bees, is among those
products since it is highly consumed for its appreciated taste and
also for its potential health beneﬁts and biological properties (Al-
Waili & Boni, 2003; Viuda-Martos, Ruiz-Navajas, Fernández-
López, & Pérez-Álvarez, 2008; Wang, Andrae, & Engeseth, 2002).
Honey can be classiﬁed as monoﬂoral, when arising predominantly
from a single botanical origin (generally one plant specieso de Ciências Químicas, Fac-
Jorge Viterbo Ferreira, 228,
þ351 226093390.
bel.mafra@ff.up.pt (I. Mafra).represents more than 45% of the total pollen content), or multi-
ﬂoral. Because of its reﬁned ﬂavour and taste, monoﬂoral honeys
are perceived as better quality products, being the most appreci-
ated by consumers, thus attaining higher market values. Owing to
its higher economic value together with the increasingworld global
trade, monoﬂoral honeys are particularly prone to adulteration
through incorrect labelling and fraudulent admixing with cheaper
and lower quality honey. In order to protect consumers and pro-
mote fair competition among producers, there is a growing need to
assess honey’s authenticity, in particular to develop methodologies
that allow establishing the botanical origin of honey.
Currently, the traditional method used for ascertaining the
origin of honey is melissopalynology, which relies on pollen iden-
tiﬁcation by microscopic analysis to determinate the plants visited
by the bees during honey’s production. However, this method is
time consuming, requires the availability of a comprehensive
collection of pollen grains and must be performed by experts with
adequate skills and experience to identify pollen grains based on its
different morphologies. Consequently, in the last years, several
other methodologies have been proposed for the determination of
S. Soares et al. / Food Control 48 (2015) 130e136 131the botanical origin of honey samples, including the assessment of
different chemical parameters such as free amino acids (Hermosı
́
;
n, Chicón, & Dolores Cabezudo, 2003), phenolic compounds
(Escriche, Kadar, Juan-Borrás, & Domenech, 2014), organic acids
(Suárez-Luque, Mato, Huidobro, Simal-Lozano, & Sancho, 2002) and
volatile compounds (Cuevas-Glory, Pino, Santiago, & Sauri-Duch,
2007), by means of different analytical instrumentation, including
spectroscopic techniques (Arvanitoyannis, Chalhoub, Gotsiou,
Lydakis-Simantiris, & Kefalas, 2005; Ruoff et al., 2006). Neverthe-
less, the chemical composition of honeys with the same botanical
origin may be quite different since plant phytochemicals can vary
widely (due to edaphoclimatic factors, soil, ﬂower maturity, etc.),
making this an unreliable approach for the unequivocal botanical
classiﬁcation of honey (Arvanitoyannis et al., 2005; Kaskonien _e &
Venskutonis, 2010). Moreover, the need for chemometrics to
analyse chemical data often makes it rather difﬁcult to draw reli-
able conclusions regarding unknown samples. To overcome these
drawbacks, the use of DNA markers present in pollen to speciﬁcally
identify the botanical species of honey is a novel and promising
approach. The use of DNA-basedmethods offer advantages in terms
of rapidity, sensitivity and speciﬁcity, being suitable for stand-
ardisation and thus an alternative to the traditional melissopaly-
nological analysis (Laube et al., 2010). However, to successfully
achieve DNA ampliﬁcation by polymerase chain reaction (PCR), the
use of efﬁcient DNA extraction protocols is critical. Ideally, the
method of choice should be able to provide high quantity and
quality DNA extracts, without potential interfering PCR inhibitors.
When dealing with complexmatrices having low amounts of target
DNA, such as honey, the selection of an adequate DNA extraction
method is even more important. Honey is mainly composed of
different sugars, but also contains other substances such as organic
acids, polyphenols, pigments, enzymes and solid particles as waxes
(Codex alimentarius, 2001), which are considered as being PCR
inhibitors. Pollen is also present as a characteristic constituent, but
at very low levels. For these reasons, sample preparation to isolate
pollen particles and eliminate undesirable compounds, such as
sugars and ﬂavonoids, are required prior to DNA extraction (Cheng
et al., 2007; Laube et al., 2010).
In previous studies, DNA extraction of pollen from honey sam-
ples has been reported both by using in-house extraction methods
or commercial DNA extraction kits. Cheng et al. (2007) and
Waiblinger et al. (2012) both used CTAB-based extraction methods
in order to isolate DNA from honey and evaluate the presence of
genetically modiﬁed organisms. The use of DNeasy Blood and Tis-
sue Kit (Qiagen GmbH) was reported in other works aiming at
detecting DNA from different plant species in honey samples
(Laube et al., 2010; Valentini, Miquel, & Taberlet, 2010). Recently,
Guertler, Eicheldinger, Muschler, Goerlich, and Busch (2014) re-
ported the development of an automated DNA extraction method
from pollen in honey and compared its performance with a manual
CTAB buffer-based DNA isolation method. Although the automated
method proved to be faster than the manual and resulted in higher
DNA yield, it requires the use of high-cost instrumentation. How-
ever, there is still a scarcity of data concerning comparative analysis
of the performance of different DNA extraction methods applied to
honey samples.
In the present study, three different sample preparation treat-
ments combined with ﬁve different DNA extraction methods were
evaluated for the extraction of honey samples of four different
botanical origins. The methods were selected taking into consid-
eration previously reported results for DNA extraction from other
complex foodmatrices and included both in-house and commercial
kits. The performance of the methods was assessed and compared
concerning both the extraction efﬁciency (DNA quantity and purity)
and DNA suitability for ampliﬁcation.2. Materials and methods
2.1. Sample preparation
Three different monoﬂoral honeys and one multiﬂoral were
used in this work. The monoﬂoral honey samples of heather (Cal-
luna vulgaris), lavender (Lavandula spp.) and the multiﬂoral honey
were acquired from local producers in the northeast region of
Portugal (Trás-os-Montes), while the eucalyptus (Eucalyptus spp.)
honey was obtained from the northwest region of Portugal (Passos
de Ferreira). Prior to DNA extraction, each honey was submitted to
three different sample preparations, named a, b and c:
- Pre-treatment a was performed as described by Cheng et al.
(2007) with minor modiﬁcations. A sample of 50 g
(412.5 g) of honey was weighted into four 50mL Falcon tubes,
2 mL of ultrapure water were added to each tube and the mix-
tures were stirred. Then, 12 mL of phosphate buffered saline
solution (PBS) (136 mM NaCl, 1.4 mM KH2PO4, 2.6 mM KCl,
8.09 mM Na2HPO4$12H2O, pH 7.2) were added to each tube and
the mixtures was homogenised for 3 min. After centrifuging at
12,000 g for 20 min, the supernatants were discarded. The
pellets were re-suspended and combined in 1 mL of ultrapure
water and 1 mL of PBS, transferred to a 2 mL tube and centri-
fuged at 12,000 g for 20min. The supernatant was discarded and
the pellet was stored at20 C until subsequent DNA extraction.
- Pre-treatment bwas performed by homogenising 50 g of honey
sample in 180 mL of ultrapure water and subsequent distribu-
tion of the mixture into four sterile 50 mL centrifugation tubes,
which were incubated at 65 C for 30 min with stirring. The
mixture was centrifuged for 30 min at 12,000 g, the supernatant
was discarded, and each pellet was re-suspended in 400 mL of
distilled water, which were further combined into one 2 mL
tube. The suspensionwas placed in an ultrasonic bath (FungiLab
SA, Barcelona, Spain) during 2 min. The mixture was stored
at 20 C until subsequent DNA extraction.
- Pre-treatment cwas performed based on a protocol proposed by
Waiblinger et al. (2012) with some modiﬁcations. Fifty grams of
honey sample were distributed into four sterile 50 mL centri-
fugation tubes (12.5 g honey per tube), followed by the addition
of 40 mL of ultrapure water to each tube, stirring and incubation
at 40 C for 10 min. After centrifugation for 10 min at 11,000 g,
the supernatants were discarded, each pellet re-suspended in
5 mL of ultrapure water and combined in one 50 mL tube. The
suspension was diluted with ultrapure water until a volume of
approximately 45mL and centrifuged for 10min at 11,000 g. The
supernatant was discarded, the pellet was re-suspended in
approximately 0.5 mL of ultrapure water and transferred to a
2 mL reaction tube containing 7 glass beads (particle size
approximately 500 mm). After vortex stirring the suspension for
2 min, the glass beads were removed. The mixture was stored
at 20 C until subsequent DNA extraction.2.2. DNA extraction
The pre-treated samples with the above mentioned 3 pro-
cedures were extracted using ﬁve different methods: Nucleospin A,
Nucleospin B, DNeasy, Wizard and CTAB.
2.2.1. Nucleospin A and Nucleospin B
The NucleoSpin methods were based on the use of the com-
mercial kit NucleoSpin Plant II (MachereyeNagel, Düren, Ger-
many) and performed according to the manufacture instructions
with some minor modiﬁcations. This kit included two methods of
Table 1
Oligonucleotide primers used in qualitative PCR.
Gene Name Sequence 50 e 30 Amplicon length (bp) References
Nuclear 18S rRNA 18SRG-F CT GCC CTA TCA ACT TTC GAT GG TA 113 (Costa, Oliveira, & Mafra, 2013)
18SRG-R TTG GAT GTG GTA GCC GTT TCT CA
Alcohol dehydrogenase 1 (adh1) Eri_adh1-f GGA TAG GGG AGT GAT GAT CCA T 81 (Laube et al., 2010)
Eri_adh1-r GAT GTT CCG ACG AAA TGG TAT ATG
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owing to some minor differences during the cell lysis step. To each
pre-treated sample in 2mL tubes, 400 mL of Buffer PL1 and 300 mL of
Buffer PL2 were added in methods A and B, respectively, and the
mixtures were incubated at 65 C for 1 h with gentle stirring. Ten
minutes before the end of incubation, 4 mL of RNase A (10 mgmL1)
were added to both methods. Afterwards, 75 mL of PL3 solution
were added to the mixture of method B that was incubated at 4 C
for 5 min. The mixtures of methods A and B were centrifuged for
10 min (17,000 g, 4 C). The supernatants were passed through the
kit ﬁlters by centrifugation for 2min (11,000 g, 4 C) and the ﬁltered
solutions were collected in new sterile reaction tubes and. The ﬁl-
ters were rejected and 450 mL of Buffer PC were added to the ﬁl-
trates and mixed by inversion in both methods. The mixtures were
passed through new columns by centrifugation during 1 min
(11,000 g, 4 C), discarding the eluted liquid. The columns were
washed three times: the ﬁrst wash with 400 mL of Buffer PW1, the
second and third washes with 700 and 200 mL of Buffer PW2,
respectively, followed by 1 min centrifugation (11,000 g; 4 C) after
the ﬁrst and second washings and a centrifugation for 2 min
(11,000 g; 4 C) after the ﬁnal one. The DNA was eluted from the
column by adding 100 mL of Buffer PE pre-heated at 65 C, followed
by 5 min incubation period at 65 C and centrifugation for 1 min
(11,000 g, 4 C).2.2.2. DNeasy
The DNeasy extraction method consisted on the use of the
commercial kit DNeasy Plant Mini Kit (Qiagen, Mississauga, Can-
ada), according to the manufacturer’s instructions.Fig. 1. Agarose gel electrophoresis of DNA extracted from honey samples using three
different pre-treatments (Pre-treatment a e A, D, G, J and M, Pre-treatment b e B, E, H,
K and N, Pre-treatment c e C, F, I, L and O) combined with ﬁve different extraction
methods: Nucleospin A (A, B and C); Nucleospin B (D, E and F); Dneasy (G, H and I);
CTAB (J, K and L); Wizard (M, N and O). Legend: M, DNA ladder (Thermo Scientiﬁc,
Carlsbad, CA, USA); lane 1e3, monoﬂoral honey samples of heather, lavender and
eucalyptus respectively; lane 4, multiﬂoral honey sample.2.2.3. CTAB
The CTAB-based method was performed as described by
Mafra, Silva, Moreira, da Silva, and Oliveira (2008) with some
modiﬁcations. To each pre-treated sample, 1 mL of CTAB-PVP
extraction buffer (1% polyvinylpyrrolidone (PVP-40); 20 mM
EDTA; 100 mM TriseHCl; pH 7.5; 1.4 M NaCl; 2% w/v CTAB (cetyl-
trimethylammonium bromide)) and 20 mL of b-mercaptoethanol
were added. Themixturewas vortex stirred and incubated for 1 h at
65 C in a Thermomixer Comfort (Eppendorf AG, Hamburg, Ger-
many) with stirring. The suspension was centrifuged for 15 min
(17,000 g, 4 C), the supernatant were passed to a new tube and
centrifuged again for 5 min (17,000 g, 4 C). The supernatant was
transferred into new tube with 500 mL of chloroform, vortex stirred
and centrifuged for 10 min (12,000 g, 4 C). The upper phase was
transferred to a new tube, mixed with a double volume of CTAB
precipitation solution (5 g L1, 0.04 MNaCl) and incubated for 1 h at
room temperature. After centrifugation for 10 min (12,000 g, 4 C),
the supernatant was discarded and the precipitate was dissolved in
350 mL of 1.2MNaCl solution and extractedwith 350 mL chloroform.
The mixture was centrifuged for 10 min (12,000 g; 4 C) and the
upper phase was mixed by inversion with 0.6 volume parts of
isopropanol at 20 C. The mixture was centrifuged for 10 min
(12,000 g, 4 C), the supernatant was discarded and the pellet was
washed with 500 mL of ethanol solution (70%, v/v) at 20 C. After
centrifugation, the supernatant was carefully discarded by
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of TriseEDTA buffer (10 mM Tris, 1 mM EDTA).
2.2.4. Wizard
The Wizard method was performed as described by Mafra et al.
(2008) with minor modiﬁcations. Brieﬂy, to each pre-treated
sample, 860 mL of pre-heated at 60 C TNE extraction buffer
(10 mM Tris, 150 mM NaCl, 2 mM EDTA, 1% SDS), 100 mL of 5 M
guanidine hydrochloride solution and 40 mL proteinase K solution
(20 mgmL1) were added and the mixturewas vortex stirred. After
incubation at 60 C for 3 h in a Thermomixer Comfort (Eppendorf
AG, Hamburg, Germany) with stirring, the suspension was centri-
fuged for 15 min (17,000 g, 4 C) and the supernatant were mixed
with 1 mL of Wizard DNA puriﬁcation resin (Promega, Madison,
WI, USA). The mixture was eluted through a Wizard column and
the retained resin was washed with 2 mL of isopropanol solution
(80%, v/v). After drying the column, the DNAwas elutedwith 100 mL
of TriseEDTA buffer (10 mM Tris, 1 mM EDTA) at 70 C, by centri-
fugation for 1 min (10,000 g), to a new reaction tube.
All the extracts were kept at 20 C until further analysis. All
extractions included a blank for the control of reagents and con-
taminations during the extraction procedure. Each extraction
method was performed in triplicate.
2.3. DNA quality and purity
The yield and purity of the extracts were assessed by UV spec-
trophotometry using a SynergyHT multi-mode microplate reader
(BioTek Instruments, Inc., Vermont, USA) with a Take 3 micro-
volume plate accessory. The absorbance was read at 260 and
280 nm in order to estimate DNA content and purity using the
nucleic acid quantiﬁcation protocol with sample type deﬁned for
double-strand DNA in the Gen5 data analysis software version 2.01
(BioTek Instruments, Inc., Vermont, USA). The quality of extracted
DNA was further analysed by electrophoresis in a 1.0% agarose gel
containing Gel Red 1 (Biotium, Hayward, CA, USA) for staining and
carried out in SGTB 1 (GRiSP, Research Solutions, Porto, Portugal)
for 20 min at 200 V. The agarose gel was visualised under UV light
and a digital image was obtained using a Kodak Digital Science
DC120 (Rochester, NY, USA).Table 2
Results of DNA yields and purity of four different honey samples extracted with 5 metho
Extraction method Honey 1 (heather) Honey 2 (lavender)
Mean  SDa
Concentration
(ng/mL)
Purity
(A260/A280)
Concentration
(ng/mL)
Pur
(A26
Pre-treatment a
Nucleospin A nd e nd e
Nucleospin B nd e nd e
DNeasy nd e nd e
CTAB nd e nd e
Wizard 109.9  9.4 2.0  0.0 24.7  7.4 1.8
Pre-treatment b
Nucleospin A 2.86  0.92 1.0  0.1 nd e
Nucleospin B 4.50  2.69 1.6  0.2 1.72  0.55 1.7
DNeasy 14.3  3.0 1.3  0.1 9.43  1.81 1.3
CTAB 83.8  9.9 2.1  0.1 22.5  8.8 2.1
Wizard 382.7  3.4 2.1  0.0 193.2  3.5 2.0
Pre-treatment c
Nucleospin A 8.19  2.42 1.5  0.1 3.20  1.03 1.1
Nucleospin B 12.6  8.8 2.0  0.1 5.16  1.43 1.5
DNeasy 24.5  0.6 1.7  0.0 9.59  0.39 1.5
CTAB 10.7  2.3 1.9  0.2 117.2  11.9 2.1
Wizard 331.2  18.5 2.0  0.0 312.5  8.9 2.1
a The results are presented as mean  standard deviation calculated for each extractio2.4. PCR conditions
The polymerase chain reaction (PCR) ampliﬁcations were car-
ried out in a total reaction volume of 25 mL, containing 2 mL of DNA
(maximum of 50 ng) extract, 15 mM TriseHCl (pH 8.3), 50 mM KCl,
0.25 mM or 0.6 mM of each primer Eri_adh1-f/Eri_adh1-r or 18SRG-
F/18SRG-R, respectively (Table 1), 0.2 mM of each dNTP (Invi-
trogene, Carlsbad, CA, USA), 3.0 mM or 1.5 mM of MgCl2 for primers
Eri_adh1-f/Eri_adh1-r or 18SRG-F/18SRG-R, respectively, and 1 U of
SuperHot Taq DNA polymerase (Genaxxon Bioscience GmbH, Ulm,
Germany). The primers presented on Table 1 were synthesised by
Euroﬁns MWG Operon (Ebersberg, Germany).
The reactions were performed in a thermal cycler MJ Mini (Bio-
Rad Laboratories, Hercules, CA, USA) using the following programs:
(i) initial denaturation at 95 C for 5 min; (ii) 40 cycles (primers
Eri_adh1-f/Eri_adh1-r) or 33 cycles (primers 18SRG-F/18SRG-R) at
95 C for 30 s, 58 C (for Eri_adh1-f/Eri_adh1-r) or 65 C (for 18SRG-
F/18SRG-R) for 30 s and 72 C for 30 s; (iii) and a ﬁnal extension at
72 C for 5 min.
The ampliﬁed fragments were analysed by electrophoresis in a
1.5% agarose gel containing Gel Red 1 (Biotium, Hayward, CA,
USA) for staining and carried out in SGTB 1 (GRiSP, Research So-
lutions, Porto, Portugal. The agarose gel was visualised under UV
light and a digital image was obtained using a Kodak Digital Sci-
ence DC120 (Rochester, NY, USA). Each extract was ampliﬁed at
least in duplicate assays.
3. Results and discussion
3.1. Qualitative and quantitative analysis of the extracted DNA
In this work, the combination of three pre-treatments (a, b
and c) with ﬁve DNA extraction methods gave 15 different DNA
extraction protocols that were applied to 4 selected honey samples,
including both mono and multiﬂoral honeys. The quality of all the
obtained extracts was assessed by agarose gel electrophoresis and
UV spectrophotometry. The results of agarose gel electrophoresis
(Fig. 1) show that visible DNA was obtained with the Wizard
(Fig. 1MeO) method and, to a lesser extent, with CTAB (Fig. 1JeL)
and DNeasy methods (Fig. 1GeI), while Nucleospin A and B did notds combined with three pre-treatments.
Honey 3 (eucalyptus) Honey 4 (multiﬂoral)
ity
0/A280)
Concentration
(ng/mL)
Purity
(A260/A280)
Concentration
(ng/mL)
Purity
(A260/A280)
nd e nd e
nd e nd e
nd e nd e
nd e nd e
 0.1 22.7  0.11 1.9  0.1 40.1  2.31 1.8  0.2
4.19  2.14 1.1  0.3 3.47  0.61 1.1  0.3
 0.5 0.84  0.36 1.1  0.6 4.90  1.57 1.5  0.2
 0.0 10.0  0.15 1.4  0.2 20.5  2.2 1.3  0.1
 0.1 26.7  11.8 2.1  0.0 24.8  1.4 2.0  0.1
 0.0 244.6  57.4 1.9  0.0 275.4  30.1 2.0  0.0
 0.1 4.89  2.52 1.2  0.2 8.06  1.31 1.3  0.0
 0.1 1.59  2.01 1.4  0.2 8.38  1.19 2.0  0.1
 0.1 8.35  1.01 1.5  0.1 29.1  3.6 1.5  0.1
 0.1 134.0  5.6 2.1  0.0 152.4  26.6 2.1  0.1
 0.0 592.6  24.5 2.1  0.0 377.8  12.5 2.1  0.0
n protocol in triplicate assays.
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With the DNeasy and CTAB methods, visible sheared DNA was
obtained with sample pre-treatment c, mainly for samples 1 and 4
that show highmolecular mass DNA (Fig.1I, L), but only traces or no
detectable DNA for pre-treatments b (Fig. 1H, K) and a (Fig. 1G, J),
respectively. In general, irrespectively of the pre-treatment used,
the Wizard method was the one who exhibited the highest DNA
intensity. Generally, it also allowed obtaining higher molecular
mass DNA, which was particularly evidenced in samples 1 and 4
with pre-treatment c (Fig. 1O).
The results of DNA yield and purity of the four honey samples
extracted with the combination of 3 pre-treatments and 5 methods
are presented in Table 2. Generally, data were in good agreement
with electrophoretic analysis, conﬁrming the highest DNAyields for
all the samples extracted with the Wizard method, followed by
CTAB andDNeasymethodswith considerable lower values, which is
emphasised in Fig. 2. The higher DNAyield of extracts obtainedwith
Wizard method is also emphasised comparing with other reports,
which produced much lower values from honey samples extracted
with CTABmethod (9.5e39 ng/mL) (Waiblinger et al., 2012). Inwhat
concerns the different applied pre-treatments, Fig. 2 also allows to
highlight that the best yields were achieved with pre-treatment c,
while pre-treatment a exhibited the worst results. This ﬁnding can
be attributed to the poor cell disruption of pre-treatment a since it
consistedmainly of awashing step to isolate pollen granules. On the
other hand, the pre-treatments b and c succeeded in cell disruption,
but ultrasound applied in pre-treatment b affected more severely
the DNA integrity (Fig. 1N) than the mechanical treatment with
glass spheres of pre-treatment c (Fig.1O), justifying the highest DNA
recoveries and integrity of the latter.
The purities obtainedwith bothWizard and CTABmethodswere
generally high (1.8e2.1), regardless the pre-treatment, while
DNeasy method revealed lower (1.6) and poor purities (1.3) with
pre-treatments c and b, respectively (Table 2).
The Nucleospin A and B methods did not show detectable DNA
with pre-treatment a, attaining only negligible amounts with the
other two pre-treatments (Table 2). Considering the poor results of
all the extraction protocols with pre-treatment a, this prior sample
preparation step was considered not adequate for DNA extraction
of pollen and was excluded from further assessment.
3.2. PCR ampliﬁcation
To further evaluate the combination of pre-treatments b and c
with the ﬁve DNA extraction methods, all the extracts were
ampliﬁed with primers targeting a universal nuclear 18S rRNA
gene. The ampliﬁcation results show strong PCR products with the0
100
200
300
400
500
600
DNeasy CTAB Wizard
DN
A 
(n
g/
μL
)
Pre-treatment a Pre-treatment b Pre-treatment c
Fig. 2. Average DNA concentration of extracts from honey samples using different pre-
treatments and extraction methods.expected size of 113 bp for the four honeys samples extracted with
the 10 protocols (Fig. 3), suggesting the acceptability of all DNA
extracts for PCR ampliﬁcation.
To assess the suitability of extracted DNA as template for
botanical origin identiﬁcation, speciﬁc PCR primers were used to
detect adh1 gene of heather (C. vulgaris), which is a plant speciesFig. 3. Agarose gel electrophoresis of PCR products of eukaryotic gene ampliﬁed from
honey samples prepared with two different pre-treatments (Pre-treatment b e A, C, E,
G and I, Pre-treatment c eB, D, F, H and J) combined with ﬁve different DNA extraction
methods: Nucleospin A (A); Nucleospin B (B); Dneasy (C); CTAB (D); Wizard (E).
Legend: M, 100 bp DNA ladder (Bioron, Ludwigshafen, Germany); lane 1e3, monoﬂoral
honey samples of heather, lavender and eucalyptus, respectively; lane 4, multiﬂoral
honey sample; N, negative control.
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of 81 bp was obtained from almost all sample 1 extracts since it is a
monoﬂoral honey containing pollen predominantly from heather
(Fig. 4). The samples 3 and 4 also ampliﬁed positively for the adh1Fig. 4. Agarose gel electrophoresis of PCR products of adh1 gene of heather ampliﬁed
from honey samples prepared with two different pre-treatments (Pre-treatment b e A,
C, E, G and I, Pre-treatment c eB, D, F, H and J) combined with ﬁve different DNA
extraction methods: Nucleospin A (A); Nucleospin B (B); Dneasy (C); CTAB (D); Wizard
(E). Legend: M, 100 bp DNA ladder (Bioron, Ludwigshafen, Germany); lane 1e3,
monoﬂoral honey samples of heather, lavender and eucalyptus, respectively; lane 4,
multiﬂoral honey sample; N, negative control.gene of heather in most extraction protocols, although with faint
bands. These ﬁndings are in good agreement with the melissopa-
lynological analysis that conﬁrmed the presence of heather pollen
in samples 3 and 4. This was an expected result considering that
monoﬂoral honeys of other species such as eucalyptus (sample 3)
might contain heather pollen, and even more, multiﬂoral honeys
such as sample 4.
In what concerns the comparison of extraction protocols, the
results conﬁrm the superior efﬁcacy of pre-treatment c (Fig. 4),
previously highlighted, especially when combined with Wizard
method (Fig. 4J), followed by the DNeasy and CTAB methods
(Fig. 4F, H). As referred, this is certainly related to the higher
integrity of DNA extracted with pre-treatment c, in opposition to
the sheared DNA obtained with pre-treatment b, which included a
more aggressive step by the use of ultra-sounds.
4. Conclusions
In this work, different protocols were evaluated for its efﬁciency
in extracting DNA from pollen present in honey samples. The re-
sults demonstrated the superior efﬁcacy of Wizard method to
extract DNA from honey pollen when combined with the pre-
treatment c that included a mechanical pollen disruption step to
improve yield. General parameters of quality evaluation of DNA
extracts in terms of integrity, yield and purity, as well as universal
and species-speciﬁc PCR ampliﬁcation, all agreed with the best
performance of Wizard method combined with pre-treatment c.
Although with considerable lower DNA yields, the CTAB and
DNeasy methods were also successful because in both cases the
ampliﬁcation of heather DNA from the monoﬂoral heather honey
was clearly achieved. Nucleospin A and Nucleospin B methods
exhibited the worst performance since they produced the poorest
or non-detectable DNA yields and the level of species-speciﬁc PCR
ampliﬁcation was low, in spite of the successful universal gene
ampliﬁcation. The obtained results indicate that molecular biology
techniques, due to its fastness, sensitivity, speciﬁcity and lower
margin for human subjectivity in the analysis of results, can be used
as a suitable alternative to the traditional melissopalynology
analysis.
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